Introduction
Until now cyclopentadienyl(carbonyl)thiocyanate [1] and selenocyanate [2] are known only for Cr, Mo, W and Fe; these were obtained by metathesis reactions of the corresponding halide with KXCN (X = S or Se) or by reaction of the corresponding hydride with (SCN)2 in acidic media.
We have shown recently that the reactions between thiocyanogen, selenocyanogen or X(CN)2 (X = S or Se) and cyclopentadienyl metal carbonyls give rise to pseudohalogen or mixed cyanopseudohalogen derivatives [3] . Here we described the preparation of the first cyclopentadienyl(carbonyl)-pseudohalogen cobalt complexes, obtained by the above oxidative addition reactions to cyclopentadienylcobaltdicarbonyl. Furthermore, these reactions have been extended to the analogous trimethylsilylcyclopentadienyl complex, whose chemistry has yet been little developed [4] .
Results and Discussion
The mixing of ethereal solutions of (XCN)2 (X = S or Se) and RCo(CO)2 (R = ^-C5H5 or ^-MesSiCöHi) gives rise to the loss of CO; at the same time the precipitation of brown solids is observed. The solids are air-stable and characterized as (1) The mixed cyano-(thio and seleno)cyanate complexes (2) can be synthesized similarly from sulphur or selenium dicyanide, and are obtained as coloured, air-stable solids. The solubilities of the complexes with the trimethylsilylcyclopentadienyl ligand are higher than those of the analogous non-substituted cyclopentadienyl complexes in solvents such as dichloromethane or acetone; but they are only slightly soluble in ether or saturated hydrocarbons. This behavior is similar to that observed in other substituted cyclopentadienyls [5] .
* Reprint requests to
The IR spectra present the characteristic bands of the cyclopentadienyl ligands with Csv [6, 7] or Cs symmetry (for ^-Me3SiC5H4) [8] . In Table I the bands corresponding to the cyanide and carbonyl ligands are reported and also those which correspond to the metal-ligand bonds. The range of the stretching vibrations v(CN) and v(CO) is characteristic for terminal ligands [9] . The electron donating capacity of the ligand trimethylsilylcyclopentadienyl is reflected in the values of v(CO) (2060-2040 cm" 1 ) which are smaller than in the corresponding complexes of non-substituted cyclopentadienyl as is shown in Table I . A similar shift of v(CO) to lower frequencies is observed in the spectrum of In some cases v(CO) is masked by the broad v(CN) band of the XCN ligand, but it can be resolved by recording the spectrum in CH2CI2 solution.
In the range 2140-2090 cm -1 appear the bands which correspond to terminal v(CN) and v(CN) of XCN (X = S or Se). The determination of the internal standard ratio of v(CN) of XCN bands by the Bailey method [11] indicates that in all the cases the NCX ligand is coordinated via the N atom. The fact that the pseudohalide v(CN) is above 2100 cm -1 is in accord with the results of infrared studies of other cyclopentadienyl pseudohalide complexes of similar symmetry such as j7-C5H5Fe(CO)2NCS [1] , and in other octahedral complexes* [12] . r(CSe) appears at 570 cm -1 as found for other M-NCSe complexes [13] ; however, v(CS) which might appear at ca. 800 cm -1 is masked by the strong absorption of y(CH) of the cyclopentadienyl ligand. In the range 500-400 cm -1 appear the bands * We adopt the formalism that the cyclopentadiene anions are six electron donors and hence can occupy three coordination sites.
corresponding to r(CoCN) and v(CoCO) and also those of the deformation vibrations of these bonds [9] and <J(NCX) [12, 13] . The complexes with a thiocyanate ligand exhibit one band of medium intensity in the range 280-270 cm -1 (Table I) which is absent in the spectra of the complexes with selenocyanate. It can be assigned to v(CoN) vibrations. In general, v(M-NCSe) lies 80 cm -1 lower than in the analogous thiocyanates [12] and appears below 200 cm-1 . The electronic spectra of the complexes in CH2CI2 and acetone solution are set out in Table II . Each spectrum displays a relatively weak band in the range 15,000-16,000 cm -1 due to d-d transitions and a very intense peak in the vicinity of 34,000 cm -1 due to charge transfer transitions from the metal to the n* orbital of CN, CO or NCX. If we assume the complexes to be octahedral, the simultaneous presence of CN, CO and NCX ligands reduces the symmetry from Oh to C2V or Cs. In this way the triply degenerate t2g are split into the components e and b2 and the double degenerate eg orbityls are split into ai and bi, as previously observed in the photoelectronic spectra of carbonylcyclopentadienyl complexes of similar symmetry [14, 15] . This effect is reflected in the appearance of shoulders or splitting of the corresponding band due to d-d transitions (see Table II ). The lowest energy d-d transitions follow the generally accepted spectrochemical series for these ligands: CN >NCSe > NCS > SCN > SeCN, indicating that in all cases the NCX ligands coordinate through the nitrogen. In the compounds (2a-2d) the presence of one cyanide group shifts the d-d bands to higher energies relative to the corresponding dithio-or diselenocyanogen complexes.
All the compounds are diamagnetic. The X H NMR spectra (Table III) of the non-substituted cyclo- Table III. 1 H NMR spectra of the complexes».
a In CDCI3; s -singlett; t = triplet; br = broad.
pentadienyls (la), (Id), (2a), (2b) consist of only one signal in the vicinity of d = 5. However, the X H NMR spectra of the trimethylsilylcyclopentadienyls (lc), (Id), (2c), (2d) exhibit two asymmetric pseudo triplets (A2X2 system), characteristic of monosubstituted cyclopentadienyls [16] [17] [18] , and a signal in the range of 0 = 0.5 which corresponds to the protons of the -SiMe3 group.
Linkage isomerization
The complexes with thiocyanate ligands undergo N->S isomerization in solvents with high dielectric constants such as acetonitrile, acetone and 3-pentanone: however, in the solid state or in CH2C12 or CHCI3 only the N-form is present, as previously indicated. Furthermore the selenocyanogen derivatives are decomposed in solution leaving free selenium, which shows that the coordination takes place through the N atom [19] .
The indicated isomerization for the thiocyanogen derivatives is shown in the variation of the IR and electronic spectra with time. Fig. 1 shows how the IR spectrum 2300-2000 cm-1 ) of r?-Me3SiC5H4Co(CO)(NCS)2 in acetonitrile solution changes with time. Note the progressive disappearance of the bands at 2145 and 2100 cm -1 which correspond to v(CN) in the N-thiocyanate groups, and the growth of the bands »(CN) of the S-thiocyanate around 2062 cm -1 (overlapping the »(CO) band). The same variation is observed for the other thiocyanogen derivatives (Table IV) frequencies of SCN for the S-isomer appear at lower energy than those of the N-isomer, which is completely in agreement with other complexes with similar symmetry [8] . This isomerization can also be observed in the electronic spectra. In Fig. 2 we show the time dependence of the visible spectrum of 7?-Me3SiC5H4Co(CO)(NCS)2 in acetone solution. The initial absorption maximum (612 nm) gradually shifts to higher wavelength (640 nm), in agreement with the spectrochemical series.
Conductivity measurements indicate that the S-isomers are weakly ionized. For 77-Me3SiC5H4Co(CO)(NCS)2 in acetone, the initial molar conductivity (8 ohm-1 cm 2 mol _1 ) gradually increases to a limiting value of 20 ohm-1 cm 2 mol _1 , similar other isomerizations of thiocyanate derivatives [20] . As molar conductivity values of 100 to 160 ohm-1 cm 2 mol _1 [21] are expected for 1:1 electrolytes in acetone, in our case the ionization is not higher than 10%. This result is confirmed by the fact that when we added KSCN to a solution of 7?-Me3SiC5H4Co(CO)(NCS)2, a new broad band appeared in the IR spectrum at 2050 cm -1 , corresponding to free SCN~ (Fig. 3) .
Rates of isomerization were determined by following the disappearance of the v(CN) stretching absorption at 2140-2100 cm -1 of the increase in intensity of the v(CO) stretching absorption near 2060 cm -1 . Good linear plots of ln(A-Aoo) vs time were obtained in all cases with the slope equal to kobs-A typical plot is shown in Fig. 4 for 7?-Me3SiC5H4Co(CO)(NCS)2 in acetone, acetonitrile and 3-pentanone. In Table V due to the low solubility in the solvents used; for that reason they can not be directly compared with the kobs values for the trimethylsilylcyclopentadienyl complexes.
The results show that the isomerization rate in different solvents varies inversely with polarity and dielectric constant. Also the conductometric studies in the various solvents indicate a slight ionization, increasing with dielectric constant (insufficient to permit detection of free ligand by IR).
Experimental
All the reactions were carried under oxygenfree N2. The cyclopentadienyls Me3SiC5H5 [22] , r?-C5H5Co(CO)2 [23] , 7?-Me3SiC5H4Co(CO)2 [10] , and the pseudohalogens (SeCN)2 [24] , (SCN)2 [25] , Se(CN)2 [26] and S(CN)2 [27] were prepared by published procedures. The microanalyses were performed by the Centro Nacional de Quimica Organica (Madrid, Spain). Cobalt was determined volumetrically.
The IR spectra were recorded at 4000-200 cm -1 on a Perkin-Elmer model 225 using mulls of Nujol and Hostaflon between Csl windows. In the range of the stretching vibrations v(CN) and v(CO) scale expansions were used.
iH NMR spectra were recorded in a Varian model XL-100/15.
The visible spectra were recorded on a Pye Unicam SP 8-100 ultraviolet spectrophotometer.
Preparation of complexes
The preparation of T?-C5H5CO(CO)(NCS)2 (la) is described in detail; those of other complexes were essentially similar (see Table VI ).
In a 100 ml two-neck flask fitted with N2 inlet, magnetic stirrer and pressure-equalized dropping funnel, ^-C5H5Co(CO)2 (1.5 g, 8.3 mmol) is dissolved in Et20 (40 cm 3 ) saturated with oxygen-free N2 and cooled to -20 °C. A solution of (SCN)2 (0.9 g, 8.4 mmol) in Et2Ü (20 cm 3 ) is slowly added dropwise. A green solid immediately appears, and evolution of CO is observed. The solid is filtered off on a cooled sintered glass disc (-20 °C), washed several times with cooled Et20 and dried in vacuum.
The yield in all the reactions is very high and the complexes are green or brown solids.
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